Deposition Control of Parylene-A film with Quartz Crystal Microbalance (QCM)  by Lee, Ga-Yeon et al.
 Procedia Engineering  47 ( 2012 )  1021 – 1022 
1877-7058 © 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Symposium Cracoviense 
Sp. z.o.o.
doi: 10.1016/j.proeng.2012.09.321 
Deposition control of parylene-A film with quartz crystal microbalance (QCM) 
 
Ga-Yeon Lee1, Hyuk ko1, Yong-Hwan Choi1, Jae-Chul Pyun1* 
1Department of Materials Science and Engineering, Yonsei University, Seoul, Korea 
 
Summary  
 
The parylene-A is a polymer of p-xylene with primary amine groups, and it is polymerized by pyrolysis of 
the functionalized parylene dimer with primary amine groups. The functionalized parylene-A film was used 
for the biosensor applications to immobilize proteins, and it requires a quite thin film with a thickness less 
than 100 nm. The conventional methods to control the thickness of parylene films by 1) adjusting the amount 
of parylene dimer and 2) setting the deposition time were observed to result in a large deviation from the 
targeted thickness at the thickness range of 0 - 100 nm, and the film thickness from the repeated deposition 
under the same condition showed quite a poor reproducibility. In this work, an on-line monitoring method of 
parylene-A film thickness was presented by installing a quartz crystal microbalance (QCM) sensor at the 
deposition chamber. And then, the parylene-A films were prepared by using the on-line monitoring method 
based on the QCM sensor. From the comparison of control parameters such as the linearity as well as 
reproducibility with the conventional methods, the QCM monitoring was proved to be feasible for the 
deposition of a thin film with a thickness less than 100 nm.  
 
Motivation and results 
 
The parylene-A is a polymer of p-xylene with primary amine groups, and it is polymerized by pyrolysis of 
the functionalized parylene-A dimer with primary amine groups. The functionalized parylene-A film was 
used for the biosensor applications to immobilize proteins, and it requires a quite thin film with a thickness 
less than 100 nm. As the functionalized parylene-A films are also deposited by pyrolysis process, the two 
kinds of conventional methods have been used to control the thickness of parylene films by 1) adjusting the 
amount of parylene-A dimer and 2) setting the deposition time  
This work presents that the QCM can be used for the on-line monitoring of parylene-A thickness.  
As shown in Fig. 1, the parylene-A is deposited as a thin film by the following polymerization steps: (1) 
evaporation of dimer powder at the temperature of 140~180Υ, (2) pyrolysis for the production of highly 
reactive p-xylene radicals at the temperature 650Υ, (3) and deposition to the substrate under vacuum 
condition of less than 5 Pa at room temperature.  
In this work, the QCM was installed at the deposition chamber and the QCM signal monitoring was 
carried out during the whole deposition process as shown in Fig. 2(a). According to the initial amount of 
parylene-A dimer, the QCM sensorgrams were recorded and the resonance frequency shift by the deposition 
of parylene-A on the QCM was converted into the mass changes by using Sauerbrey equation. As shown in 
Fig. 2(b), the resonance frequency shift was observed to be increased according to the initial amount of 
parylene-A dimer which implied the increased of the deposited parylene-A film thickness.  
As shown in Fig. 3(a), the thickness of each parylene-A film was determined by using an AFM from Park 
Systems Co (Seoul, Korea). As shown in Fig. 3(b), the resonance frequency shift was observed to have a 
correlation of 1.54 mg/nm with a linearity coefficient of 0.687 to the initial amount of parylene-A dimer. 
Finally, the thickness of parylene film was determined to have a correlation of 103.9 Hz/nm with a linear 
coefficient of 0.979 to the resonance frequency shift. From the comparison of control parameters such as the 
linearity as well as reproducibility with the conventional methods, the QCM monitoring was proved to be 
feasible for the deposition of a thin film with a thickness less than 100 nm. 
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Fig. 1: Deposition procedure of parylene-A film and the thickness monitoring with a QCM sensor 
 
(a)                                 (b) 
 
Fig. 2: Typical deposition curve for parylne-A film: (a) Deposition curve for parylene-A monitored by a 
QCM sensor, (b) Deposition curve for different amount of parylene-A dimer. 
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Fig. 3: Correlation curve: (a) AFM analysis for the thickness measurement of parylene-A film, (b) 
Comparison of the correlation curve between the thickness of parylene-A film and the QCM response with 
the correlation curve between the thickness of parylene-A film and the amount of parylene-A dimer (c) 
Comparison of the correlation curve between the thickness of parylene-A film and the QCM response with 
the correlation curve between the thickness of parylene-A film and the deposition time 
